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Minor modifications were made to this method to accommodate existing 
laboratory equipment and related procedural requirements. 

Key to Revisions; 

Deletions - Strike-throug h 
Additions - Bold and underlined 


RM 35 - Determination of total alkaloids in tobacco by continuous flow 

analysis 


CORESTA RECOMMENDED METHOD N° 35 

DETERMINATION OF TOTAL ALKALOIDS (AS NICOTINE) 
IN TOBACCO BY CONTINUOUS FLOW ANALYSIS 
(November 1994) 

Published in Bulletin 1994-3/4 


0. Introduction 

Studies carried out by a CORESTA Task Force between 1989 and 1993 have shown that the two 
procedures for determination of total alkaloids in tobacco as described in CORESTA 
Recommended Method N° 20 and the present Method may not produce identical results for some 
dark tobaccos or those containing significant levels of alkaloids other than nicotine. 

The studies have indicated that these differences may be due to the fact that the recoveries and 
detection sensitivities of the two methods towards the alkaloids other than nicotine are different. 

Therefore, when reporting results it is important to specify the method used. 


1. Field of Application 

This method is applicable to unmanufactured and manufactured tobacco. 
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2. References 

CORESTA Recommended Method N° 20:1968 
Determination of alkaloids in manufactured tobacco. 

CORESTA Recommended Method N° 39:1994 

Determination of the purity of nicotine and nicotine salts by gravimetric analysis - 
Tungstosilicic acid method. 


3. Principle 

An aqueous (see note 1) extract of the tobacco is prepared and the total alkaloids (as nicotine) 
content of the extract is determined by reaction with sulphanilic acid and cyanogen chloride. 
Cyanogen chloride is generated in situ by the reaction of potassium cyanide and chloramine T 
(see appendix 1). The developed colour is measured at 460 nm. 

Note 1 : Collaborative studies have shown that this method gives equivalent results for water and 
5% acetic acid extracts. It is recommended that 5% acetic acid extracts should be used if total 
alkaloids (as nicotine) and reducing substances (see CORESTA Recommended Method N° 37) 
or reducing carbohydrates (see CORESTA Recommended Method N° 38) analysis are to be 
carried out simultaneously. 


4. Safety Precautions 

Potassium cyanide is poisonous and irritant, thus all safety precautions must be observed when 
handling this material. Solutions shall be prepared by a designated responsible person. Gloves 
and safety glasses shall always be used when making up solutions and bottles of the made-up 
reagent shall always be carried in a suitable safety carrier. To prev e nt the e scape of vapour into 
the-laborat e ry. reagent p i ck - up - tubo s-s hall pass through a s od a- lim e t r ap-into - the-reag e nt-bottl e 
(see diagram 2). 

The cyanide neutralising agents A and B are - pumped as shown in the flow diagram (se e diagram 
I) and mixed in a 2 dmh4 4 uchneF 4 lask w i th - mag n et i c s tifling - ( se e - diagram - 3). —A l - l - waste 
solutions containing cyanogen chloride are run into this flask - wh e r e conv e rsion - to the "Prussian 
S fa e — compl e x occurs. I he - con teats of the &uchner4 4as k - are - allowed -t o over - flew-into a- storag e 
flask, the contents of which are stor e d overnight in a fume cupboard and then disposed of ao 
waste. 

Run all lines from the alkaloid colorimeter and debubbler into a waste vessel containing a 
caustic hypochlorite solution to oxidize the cyanide to evanate. The waste should be 
handled for disposal by trained personnel. 
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Suitabl e cyanid e poisoning treatm e nt kits ar e availabl e from laboratory suppli e rs and shall be 
locat e d in the vicinity of the analyz e r to b e us e d by a competent p e rson. 


5. Reagents 

All reagents shall be used according to good laboratory practice and existing national regulations. 

5.1 Brij 35 Solution (Polyoxyethylene Lauryl Ether) 

Add 1 dm 3 distilled water to 250 g Brij 35, warm and stir until dissolved. 

5.2 Buffer Solution A 

Dissolve 2.35 g sodium chloride (NaCl) and 7.60 g sodium tetraborate (Na 2 B 4 0 3 .lQH 2 0) in 
distilled water. Transfer to a 1 dm 3 volumetric flask, add 1 cm 3 Brij 35 solution (5.1) and 
dilute to volume with distilled water. Filter the solution through a Whatman N° 1 (or 
equivalent) filter paper before use. 

5.3 Buffer Solution B 

Dissolve 26 g anhydrous disodium hydrogen orthophosphate (Na 2 HPO,,), 10.4 g citric acid 
(C0H(C00H)(CH 2 C00H) 2 .H 2 0) and 7 g sulphanilic acid (NH 2 C 6 H 4 S0 3 H) 2 in distilled 
water, transfer to a 1 dm 3 volumetric flask, add 1 cm 3 Brij 35 solution (5.1) and dilute to 
volume with distilled water. Filter the solution through a Whatman N° 1 (or equivalent) 
filter paper before use. 

5.4 Chloramine T Solution (N-chloro-4-methyl benzenesulphonamide sodium salt), 
(CH3C 6 H 4 S0 2 N(Na)Cl.3H20) 

Dissolve 8.65 g chloramine T in distilled water, transfer to a 500 cm 3 volumetric flask and 
dilute to volume with distilled water. Filter the solution through a Whatman N° 1 (or 
equivalent) filter paper before use. 

Dissolve - 1 g citric arid ' (5.3) and 10 g ferrous sulphate (F e SQ 4 T?H 2 0) in distill e d water and 
d il ute to T - rim A 

5v6 — Cyanide Neutralising Solution B 

D i ssolve 4-Q- g anhydrous sodium carbonat e in - distilled - wat er- and dilute to 1 dm *? 
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Caustic Hypochlorite Solution 

Dissolve approximately 1 g sodium hydroxide in 300 ml- of water in a 10-liter plastic 
bottle. Add approximately 100 mL of Clorox™. 


5.7 Potassium Cyanide Solution (KCN) 

CARE: POTASSIUM CYANIDE IS EXTREMELY TOXIC! SEE SAFETY 
PRECAUTIONS. 

In a fume cupboard, weigh 2 g potassium cyanide into a 1 dm 3 beaker. Add 500 cm 3 
distilled water and stir (magnetic stirrer) until all of the solid has dissolved. Store in a 
brown glass bottle. 

/-Nicotine: C^ H ^N,; F.W. 162.23. 99+% purity te.g^ Acros 18142-02501. 

5.9 Standard Nicotine Solutions 

Ohee k -t l^ puHty- o fAh o -ftieetm e - hydfogen - tartrate according to COPJiSTA R e comm e nded 
M e th e d 4 4 2- 39 v 

5.9.2 Stock Solution: Weigh, to the - n e aresMTOOO l-gr- a p p r o^matel^l - S - g ef - n t Gotitte hydrogen 
iar t ra t e- i n- c fe t i Ho d- water - and dilute to 250 - cm ' i n a - volume t ric flask. T^ ts-se l u ti -e n -e o n- t a m s 
a p p r e^ m at ol ^4- . ^ t H- ^ - n i « Ai- pto -^ g ^ em k—S tor < * - i «-ar- r » fr 4 g »p a te i v- P f e p a f e - a - fre s h -s o - lu f ion 
e v ery - month ; 

Stock Solution, 1.5 mg/mL: Weigh 0.750 g of nicotine and transfer into a 500 mL 
volumetric flask. Dissolve and dilute to volume with the 5% acetic acid extraction 
solution. After opening, date and store the unused portion in a plastic container in 
the refrigerator. 

W ey lnn ^- S f and a rd s : — Pi = om 4 lifl-sto e k - solution produc e- a s e ri e s - of at lea s t five - ca l ib r at i on 
s & ktoefts- j vv4ies e -eeneentfa-t-ieHS-eevet : Aho-range-&xpeote4 A ^be- f e m ^ d -4n-the-saH tpI -es- g 7gr 
0.0 - 1 0. 8 0 mg - n to o t me - pef - e m ? - . Calculate th e- exac - t conc e nt f at - ioB - fer - ea e h - standar - d taking - 
into acoount - the pur i ty - of thc - n i eofcine hydrog e n tartrate. —S tore - in - a - r ef r i g e rator — Pr e par e 
fresh solutions every two weeks. 

Working Standards: Pipet into six separate 100 mL volumetric flasks 1, 3, 5, 7, 10, 
and 15 mL of the nicotine standard stock. Dilute all to volume with the 5% acetic 
acid extraction solution. Each flask contains 0.015, 0.045, 0.075, 0.105. 0.150. and 
0.225 mg/mL of nicotine respectively. 
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Note 2 : The method can also be standardized by using nicotine or other nicotine salts of 
known purity. In this case an amount equivalent to the above used nicotine hydrogen 
tartrate shall be used. 


6. Apparatus 

6.1 The necessary general laboratory equipment, for the preparation of samples, standards and 
reagents. 

6.2 Continuous flow analyzer (see diagram 1) consisting of: 

Sampler 

Proportioning pump 

Dialyser 

Delay coils 

Colorimeter (or equivalent) with 460 nm filter(s) 

Recorder 

6.3 Coil for cyanogen chloride generation 

A commercially available microbore mixing coil can be used for the in situ generation of 
cyanogen chloride. Alternatively a live turn mixing coil can be prepared (see appendix 2) 

7. Analysis of Tobacco Samples 

7.1 Prepare the tobacco for analysis by grinding (the sample should totally pass through a 1 
mm sieve) and determine the moisture content. If the tobacco is too wet for grinding it can 
be dried at a temperature not exceeding 40 °C. 

7t 2 W e igh, to the nearest 0.0001 g, approximat e ly 250 mg of th e tobacco in a 50 cnr -dry 
conical - flask. Add - jP - e - nY distilled water, stopper the flask and shake-for- - 30 minut e s. ' 

Weigh 0.500 g of ground tobacco directly into a disposable specimen bottle. Add 100 
ml, of 5% acetic acid extraction solution. Can and shake at 200 rpms on the gyratory 
shaker for 30 minutes. 

7t 3- f ilt e r4he -e- >4 - met - through a Whatman - N° ■ •10 (or equival e nt) filter pap e r, reject th e first f e w 
enY- ol - the filtrate r then - eollect the filtrate in an analyz e r cup. 

Pour extract into a glass disposable test tube. Push a seradear filter into the test tube 
and analyze the filtrate. 
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7.4 Run the samples and standards through the system in the normal manner (e.g. priming with 
6 4 tobacco extracts, calibration standards and samples with 1 int e rm e diat e calibration 
solution after every 6 samples ). If sample concentrations lie outside the range of the 
standards, the samples shall be diluted and run again. 

8. Calculation 

8.1 Plot a graph of peak height against equivalent nicotine concentrations for all the calibration 
solutions. 


8.2 C a l cula t e the - peroentage nicotin e- (dry w e ight basis) in th e tobacco u s ing th e- formula; 


c x V x 100 440 

% - Nicotin e (dwb ) = _ * _ 

m 40 0- M 

e—is - t h e- n i cotino concentration, e xpr e ss e d in - mil ii g r am s- p e r -r ni -l ii li tr -e . -e b t aki ed 
from the - ca l ibrat i on" e - ar -v e -( &4 ^ 

V - i s- the volume, i n mitii l rtresrof : e«trao t- p t i epared f 7'. - 3HnermaB’y - 2§-mil i tUtr«s); » 
tn - is the mass, in milligrams, of the sample (7.2); 

M is the moistur e cont e nt, e xpr e ssed as p e rc e ntag e by massrof tk e -tobaee e- ffir fo 


Weight % Alkaloids = mg nicotine/mL x 100 mL x 100% 

mg sample 

“Weight % Alkaloids is expressed as g of nicotine per 100 g of filler” 

Nicotine (mg/g) — g nicotine x 1000 mg 
100 g filler _g 


The test result shall be expressed to two decimal places. 


Notes : 
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3 When using 5% acetic acid extracts the standard nicotine solutions (5.9) must be made up 
with 5% acetic acid and the wash cycle must be with 5% acetic acid. 

4 If this method is performed simultaneously with CORESTA Recommended Method N° 36, 
CORESTA Recommended Method N° 37 or CORESTA Recommended Method N° 38 
combined standards may be prepared. 

9. Repeatability and Reproducibility 

An international collaborative study involving 12 laboratories and 3 samples conducted in 1993 
showed that when single grades of tobacco were analyzed by this method, the following values 
for repeatability (r) and reproducibility (R) were obtained. 

The difference between two single results found on different extractions by one operator using 
the same apparatus within a short time interval (the time it takes to analyze 40 sample cups) and 
without recalibration of the equipment during the time of analysis will exceed the repeatability 
value (r) on average not more than once in 20 cases in the normal and correct operation of the 
method. 

Single results reported by two laboratories will differ by more than the reproducibility value (R) 
on average not more than once in 20 cases in the normal and correct operation of the method. 


Data analysis gave the estimates as summarized in table 1 and 2. 


Table 1 : Extraction with water 


Tobacco Type 

Mean Content 
of Nicotine 

Repeatability 

Conditions 

Reproducibility 

Conditions 


%{dwb) 

r 

R 

Oriental 

1.17 

0.05 

0.19 

Flue-Cured 

2.90 

0.08 

0.41 

Burley 

3.97 

0.12 

0.55 


Table 2 : Extraction with 5% Acetic Acid 


Tobacco Type 

Mean Content 

Repeatability 

Reproducibility 


of Nicotine 

Conditions 

Conditions 


%(dwb) 

r 

R 

Oriental 

1.17 

0.07 

0.21 

Flue-Cured 

2.90 

0.11 

0.67 

Burley 

3.97 

0.13 

0.97 
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For the purpose of calculating r and R, one test result was defined as the yield obtained from 
analyzing a single extract once. 


Appendix 1 

Several collaborative studies, carried out by a CORESTA Task Force during 1989 and 1990, 

have shown that two other procedures give equivalent results to the Recommended Method. It 

may be necessary to use one of these alternative procedures, if so, the following comments 

should be considered before use: 

♦ Cyanogen chloride can be alternatively generated in situ by the reaction of potassium 
thiocyanate and sodium hypochlorite. In order for this reaction to be successful the sodium 
hypochlorite must have an available chlorine content of 10% - 14% (m/m). It has been found 
that sodium hypochlorite with this amount of available chlorine is sometimes difficult to 
obtain. 

♦ Cyanogen bromide in reaction with aniline can also be used in the determination of total 
alkaloids. Because of the hazardous nature of the cyanogen bromide, some countries have 
found problems with the importation and use of this substance. 

Appendix 2 

Preparation of a Microbore F- iw — I' - a rn Mixing Coil 

4. Loop a standard orang e whit e (0.6*1 mm - id - j - pump tube-5 - times - at^und - a - gl - a ss- t - ub e- F^ -^- t es t 
tub e , glass rod) with an externa l- diameter - of approximat e ly 12 mm - . - 

3. While-holding th e loops in place brush them thoroughly with cycloh e xanon e . 

3. Us e adh e siv e lap e- to - hold the loop s in place-while - t - h e- e - y e loh e xanone sets the tubing, (about 

4. R e move th e glass tub e from the coil . 

L Coil 20 inches of 0.040” ID EVA (ethvlvinvl acetate! tubing. 


Dia g ram s 
Diagram 1 

S e e picture in file RM35_01.PCX. repertory IMAGES. - 
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Diagram - 2 

Soda Lim e Trap 



page 10 of 10 


PM3000992808 


Source: https://www.industrydocuments.ucsf.edu/docs/hqlk0001 





Attachment D to December 1, 2000 annual report of Nicotine Yield Rating Information submitted by 
Philip Morris Incorporated to the Texas Department of Health 


Diagram 3 

On Lin e Cyanog e n Chlorid e D e struction Apparatus 



The ' apparatus e ^Hsi s ts o f- a - 3 - dm* S we hnor fl as k - on a m a gnetic sta l er. with - a - 2 cm diamet e r PVC 
tube ins e rted into it, through a rubber bung, such that the-tube is just-abov e- the magnetic follower 
in the flask. Four hol e s are drill e d in th e tube and nippl e s attach e d by gluing into position. Th e 
pullback lin e and th e- d e bubbl e- line - containing th e cyanog e n chlorid e ar e attach e d to the nippl e s, 
together with the two n e utralising agents. This arrangem e nt e nsures that the cyanogen chloride 
has to pass down th e tub e and through th e bulk of th e flask b e for e ov e rflowing to wast e , thus 
ensuring complete neutrali s ation. 
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